
















































































































































































































































































































































































































































































aposematic	prey	equal	αaN,	leading	to	density	changes	 –α𝑎𝑁 + 𝑟!"#$(1– (𝐴 +446	 𝐶)/𝐾!"#$) 𝐴	for	aposematic	prey.	The	corresponding	change	for	cryptic	prey	is	447	 –𝑎(𝑁 + 𝐸)+ 𝑟!"#$(1– (𝐴 + 𝐶)/𝐾!"#$) 𝐶.		Here	rprey	denotes	the	intrinsic	growth	448	
















predators,	is	−𝑚!"#$𝑁! + !!"#$ !!!!!!! 	if	there	are	k	patches	in	total.	465	
	466	
When	all	the	processes	(1)…(4)	occur	simultaneously,	the	system	as	a	whole	obeys	the	467	
following	equations:	468	 d𝑁!d𝑡 = −𝑝α𝑎𝑁! 𝑡 𝐴! 𝑡 − 𝑞αa𝑝𝑏𝑁! 𝑡 !𝑁! 𝑡 + 𝐸! 𝑡 − 𝜇!"#$𝑁! 𝑡 + 𝑟!"#$ 1–𝑁! 𝑡 + 𝐸! 𝑡𝐾!"#$ 𝑁! 𝑡 + 𝐸! 𝑡−𝑚!"#$𝑁!(𝑡) +𝑚!"#$ 𝑁!(𝑡)!!!!𝑘  
 469	 d𝐸!d𝑡 = 𝑝α𝑎𝑁! 𝑡 𝐴! 𝑡 + 𝑞αa𝑝𝑏𝑁! 𝑡 !𝑁! 𝑡 + 𝐸! 𝑡 − 𝜇!"#$𝐸! 𝑡 −𝑚!"#$𝐸!(𝑡) +𝑚!"#$ 𝐸!(𝑡)!!!!𝑘  
 470	 d𝐶!d𝑡 =– 𝑎(𝑁! 𝑡 + 𝐸! 𝑡 )𝐶! 𝑡 + 𝑟!"#$ 1–𝐴! 𝑡 + 𝐶! 𝑡𝐾!"#$ 𝐶! 𝑡 −𝑚!"#$𝐶!(𝑡) +𝑚!"#$ 𝐶!(𝑡)!!!!𝑘  d𝐴d𝑡 =– α𝑎𝑁! 𝑡 𝐴! 𝑡 + 𝑟!"#$ 1–𝐴! 𝑡 + 𝐶! 𝑡𝐾!"#$ 𝐴! 𝑡 + 𝑟!"#$ 1–𝐴! 𝑡 + 𝐶! 𝑡𝐾!"#$ 𝐶! 𝑡 −𝑚!"#$𝐶! 𝑡+𝑚!"#$ 𝐶!(𝑡)!!!!𝑘  	471	
472	
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Figure	legends:	617	
Figure	1.	Latency	to	forage	and	initial	prey	choices.	a,	Socially-informed	predators	foraged	618	
more	quickly	for	b,	their	first	prey	item	than	naïve	control	predators.		(a)	Filled	symbols	619	
show	means	(±	S.E.)	from	a	negative-binomial	mixed	effects	GLM	including	a	random	620	
intercept	for	cohort.	One	socially-informed	predator	was	excluded	(latency	=	644	s,	effect	of	621	
social	information	with	outlier	included	=	-0.71	±	0.36,	χ2	=	3.81,	d.f.	=	1,	p	=	0.05,	622	
Supplementary	Table	1).	(b)	The	difference	in	initial	prey	symbol	taken	was	not	significant	623	
(effect	of	social	information	on	odds	of	predator	taking	cryptic	prey	first	=	0.91	±	0.82,	χ2	=	624	
1.34,	d.f.	=	1,	p	=	0.25,	Supplementary	Table	1).	625	
	626	
Figure	2.	Relative	predation	risk	for	novel	conspicuous	prey	versus	the	cryptic	phenotype.	627	
Mean	(±	S.E.)	number	of	aposematic	prey	consumed	/	number	expected	by	chance	during	628	
three	learning	trials	over	consecutive	days	(1	trial/day).	Great	tits	with	social	information	629	
about	prey	signals	(circles,	n	=	15)	consumed	relatively	fewer	aposematic	than	cryptic	prey,	630	
compared	to	birds	with	no	social	information	(triangles,	n	=	15).		Light-coloured	symbols	631	
show	individual	variation	in	foraging	choices,	and	the	solid	reference	line	indicates	equal	632	
predation	of	the	cryptic	and	aposematic	prey	types.		Plotted	data	are	derived	from	a	mixed-633	
effects	binomial	GLM	including	a	random	intercept	for	cohort,	and	slopes	for	each	634	
individual.		635	
	636	
Figure	3.	An	example	of	the	temporal	dynamics	predicted	if	social	information	is	available.	637	
We	assume	all	predators	are	naïve	at	t	=	0,	aposematic	prey	are	four	times	(α	=	4)	easier	to	638	
detect	than	cryptic	prey,	and	comprise	20%	of	the	initial	prey	population.	When	(a)	social	639	
information	is	not	used	(b	=	0),	the	proportion	of	naïve	predators	(green	line)	becomes	less	640	
than	that	of	educated	predators	(blue	line),	however	aposematism	vanishes	because	the	641	
former	are	still	present	and	detect	aposematic	prey	(red	line)	more	easily	than	cryptic	prey	642	
	 26	
(solid	grey	line).	Conversely,	(b)	social	transmission	(b	>	0)	leads	to	a	faster	decline	in	naïve	643	
predators.	Once	a	sufficient	proportion	of	predators	are	educated,	the	net	growth	rate	of	644	
the	aposematic	population	is	faster	than	that	of	their	cryptic	competitors,	and	aposematism	645	
fixes	(dashed	grey	line).	Any	new	naïve	predators	become	educated	almost	instantly	(by	646	
personal	learning)	because	aposematic	prey	are	now	very	common.	Here	we	use	b	=	5	to	647	
demonstrate	the	effect	(only	threshold	frequency	varies	with	this	value).	Other	parameter	648	
values:	a	=	0.1,	p	=	0.2,	q	=	0.1,	µpred	=	0.001,	rprey	=	5, rpred	=	1,	Kprey	=	100,	Kpred	=	10.		649	
	650	
Figure	4.	The	threshold	frequency	of	aposematic	prey	necessary	for	the	phenotype	to	651	
reach	fixation.	Social	transmission	(black	circles)	reduces	the	threshold	frequency	of	652	
occurrence	that	aposematic	prey	must	be	present	for	the	phenotype	to	invade	the	prey	653	
population	(compared	to	personal	information	only	(open	circles).	Starting	populations	are	654	
created	from	different	initial	frequencies	for	the	aposematic	type	(between	0	and	30%)	to	655	
seek	the	threshold	frequency	that	is	necessary	for	subsequent	fixation.	From	Fig.	3	we	know	656	
that	the	threshold	for	α	=	4	must	be	located	higher	than	0.2	if	there	is	no	social	transmission,	657	
and	lower	than	0.2	if	there	is;	here	we	seek	the	exact	threshold.	Parameter	values,	except	658	
for	α	(which	is	now	varied),	are	from	Fig.	3.	659	
	660	
Figure	5.	The	effect	of	social	transmission	on	the	initial	population	size	required	for	661	
aposematic	prey	to	reach	fixation.	Whenever	there	is	migration	(all	cases	with	m	>	0),	there	662	
is	a	range	of	initial	population	sizes	(marked	red)	where	aposematism	only	fixes	if	social	663	
transmission	is	possible	(b	>	0).	This	range	of	initial	frequencies	is	higher	in	(a),	where	we	664	
have	‘seeded’	five	subpopulations	with	100	individuals	binomially	chosen	to	be	aposematic	665	
or	not,	than	in	(b),	where	the	500	individuals	(Kprey	=	100	at	5	sites)	were	additionally	666	
grouped	to	form	subpopulations	with	maximum	local	association	of	aposematic	prey.	Thus	667	
if,	for	example,	an	initial	frequency	of	0.2	led	to	104	aposematic	individuals,	subpopulation	1	668	
	 27	
was	assumed	to	be	100%	aposematic,	subpopulation	2	had	4	aposematic	individuals	(4%),	669	
and	the	remaining	subpopulations	had	none.	Initial	frequencies	of	aposematism	ranged	670	
from	0.01	to	1	but	we	do	not	show	values	above	0.5	as	they	always	led	to	fixation,	671	
regardless	of	the	scenario.	Parameter	values:	α	=	2.5,	other	parameters	as	in	Fig.	4.	672	
